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Ozet 

Pozitron emisyon tomografisi (PET)/bilgisayarli tomografi (BT) cekimine gi- 
ren onkoloji hastalarinda tlimdr metabolizmasi hakkinda nicel ve nitel veri 
elde etmek icin radyoaktif olarak isaretlenmis [18F]-2-floro-2-deoksi-D- 
glukoz (FDG) kullanilir. FDG-PET/BT gortintiileme (tarama) 6ncesi hasta ha- 
zirligi sireci esas olarak, hasta bilgilerinin elde edilmesini, gériintiileme 6n- 
cesi ac kalinmasini, kan sekeri ve instilin seviyelerinin diizenlenmesini, hasta- 
ya FDG- radyolojik kontrast maddeler ve yardimci ajanlarin verilmesini, yeni 
tedavi almis hastalarda goriinttilemenin ne zaman yapilacaginin planianma- 
sini, gebelik ve emzirme dénemindeki gériinttilemeyi ve gértintiileme 6ncesi 
son diizenlemeleri icerir. Onkolojik FDG-PET/BT gortinttilemede hasta hazir- 
ligi islemlerinin standardize edilmesi, ylksek kalitede goriintilerin elde edil- 
mesi, yalanci negatif-yalanci pozitif bulgularin azaltilmasi ve hastanin aldi- 
81 radyasyon dozunun olabildigince diistirulmesi igin son derece 6nemiidir. 
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Abstract 

In oncology patients who undergo positron emission tomography (PET)/ 
computed tomography (CT), radiolabeled [18F]-2-fluoro-2-deoxy-D-glucose 
(FDG) is utilized to obtain qualitative and quantitative data about tumour 
metabolism. The process of patient preparation before FDG-PET/CT imag- 
ing (scanning) primarily includes acquisition of patient data, fasting before 
imaging, regulation of blood glucose and insulin levels, administration of FDG 
and radiologic contrast material, administration of adjunctive agents, sched- 
uling of the imaging in recently treated patients, imaging during pregnancy 
and lactation, and final arrangements before imaging. Standardization of 
procedures for patient preparation in oncological FDG-PET/CT imaging is ex- 
tremely important to obtain high-quality images, to decrease false-negative 
and false-positive findings and to reduce the patient radiation dose as much 
as possible. 
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Introduction 

For more than two decades, radiolabeled [18F]-2-fluoro-2-de- 
oxy-D-glucose (FDG) has been used to obtain qualitative and 
quantitative data about tumour metabolism by means of posi- 
tron emission tomography (PET) and PET/computed tomogra- 
phy (PET/CT) [1-4]. PET is a cross-sectional method that mea- 
sures distribution of positron-emitting labelled radiotracers in 
three dimensions. CT component of the system provides atten- 
uation correction and allows imaging of anatomical structures 
with a geometric resolution higher than the PET component 
[5]. The diagnostic value of FDG-PET/CT is based on the fact 
that most cancers demonstrate increased glucose consumption 
compared to normal cells [6]. Discrimination of benign and ma- 
lignant tumours, detection of unknown primary tumors in pa- 
tients presenting with metastases, staging of cancer patients, 
imaging of tumour recurrences and monitorization of tumour 
response to therapy are among the major indications of onco- 
logical FDG-PET/CT imaging (scanning) [4, 7-13]. Preparation 
of the oncology patients for FDG-PET/CT imaging, which is ex- 
tremely important to obtain optimal diagnostic images and to 
decrease the patient radiation dose, starts the day before the 
scanning and includes the procedures till they are positioned 
on the scanner. In this review, the main steps of the process of 
patient preparation for oncological FDG-PET/CT imaging are 
included. 


Obtaining patient data 

On_ initial admittance, a patient history should be obtained 
thoroughly, including past and current diseases (particularly 
diabetes mellitus), previously performed surgical interventions, 
all types of therapies (chemotherapy, radiotherapy, medical 
treatment), any kind of current medication, history of drug al- 
lergy, history of renal function impairment, lactation and the 
possibility of pregnancy [14]. Previously performed imaging and 
biopsy results should strictly be asked. Height and weight of 
the patient should be measured [5]. The peculiarity between the 
patient’s size and weight distribution may restrict the area im- 
aged [14]. Renal functions should be checked if intravenous (IV) 
contrast material (CM) has to be used [5]. After obtaining pa- 
tient data, the FDG-PET/CT study is scheduled. The length and 
extent of the study, besides scanning time are all determined 
according to the indications. Then the patient and the family 
are informed about the study and they are mentally prepared 
for the procedures. Finally informed consent has to be obtained 
from them. 


Fasting before FDG-PET/CT imaging 

In general terms, the patients should stop eating the night be- 
fore the morning FDG-PET/CT examinations. A protein-domi- 
nant diet, poor in carbohydrates is recommended for the day 
before the scanning because such a diet decreases competi- 
tion of dietary glucose with FDG for the process of uptake into 
the cells. If an overnight fasting is not possible, total fasting 
for at least 6 h before the scanning, including tube feeding, IV 
dextrose and hyperalimentation is recommended [15]. A low- 
carbohydrate, light breakfast at least 4 h before the afternoon 
examinations can be permitted [5]. During fasting, plain water 
is allowed and even encouraged, for hydration [15]. Consump- 
tion of alcohol, caffeine, and nicotine should be avoided before 
FDG-PET/CT imaging [16]. If possible, sympathomimetic drugs 
such as ephedrine should not be taken before the examination 
because they can increase the FDG uptake of brown fat [17]. 


Blood glucose and insulin levels 

The fasting blood glucose is measured before the administra- 
tion of FDG to decide whether it is between 70-110 mg/dL, 
which are accepted as optimal levels for an FDG-PET/CT scan 
[18]. If the blood glucose level is above 200 mg/dL, the scanning 
is delayed till better and tolerable glucose levels are obtained [5, 
18]. For optimal images, a blood glucose level below 150 mg/dL 
is preferred [5, 16, 19]. To achieve this, hyperglycemic patients 
are hydrated orally, given intravenous saline and/or given sub- 
cutaneous insulin. But high levels of insulin enhances the FDG 
uptake of skeletal mucles, heart, bones and liver [16], so the dia- 
betics should stop subcutaneous insulin injection at least 4-6 h 
before the administration of FDG [5]. In general terms, type II 
diabetic patients were permitted to take their oral medications 
before FDG-PET/CT imaging, which was strongly recommended 
to be performed in the late morning [15]. However there are 
some drawbacks on some of the oral antidiabetics. Sulfonyl- 
urea oral hypoglycemic agents like tolbutamide, glyburide or 
glipizide increase insulin secretion and therefore, discontinuing 
these drugs were declared to be necessary before FDG-PET/CT 
imaging [16]. Since metformin was reported to decrease the di- 
agnostic value of FDG PET/CT by increasing FDG uptake in the 
colon and the small intestines [20-23], discontinuation of it for 
two days before the scanning was reported to be feasible [24]. 
Some commonly prescribed drugs which can increase blood 
glucose levels, such as glucocorticoids, some anticonvulsants, 
lithium etc. were not recommended to be discontinued before 
the scanning [15]. 


Administration of FDG 

A patent venous access is necessary for IV administration of 
FDG. An FDG dose of about 140 uCi/kg (a total dose of about 10 
mCi-20 mCi) is recommended for an FDG-PET scan [18, 25-27]. 
A total of 10-30 mL saline flush is done after IV FDG injection 
[26, 28]. In order to allow even biodistribution and sufficient 
cellular uptake of FDG, the patients should not immediately un- 
dergo PET/CT after the injection of FDG, but they should rather 
wait for at least 40-60 min before the scanning [18, 26, 27, 29, 
30 ]. If it is not possible to place a venous access, FDG can also 
be administered orally in liquid form with water [16, 18]. The 
above mentioned waiting time for intravenously administered 
FDG can also be taken into consideration for orally adminis- 
tered FDG [16]. While waiting for the scan, the patients should 
relax in a quiet, dimly-lit room on comfortable beds or chairs, 
avoid moving and even talking which would prevent unneces- 
sary FDG uptake of muscles [5, 31]. In fact, physical activities 
such as exercise should be restricted 24-48 h prior to FDG- 
PET/CT imaging [15, 32]. The patients should be warned not to 
cough or make repeated movements like chewing or fidgeting 
before and during the scanning [28]. In order to decrease the 
FDG uptake of brown fat as much as possible, patients should 
not be exposed to cold prior to imaging, they should put on 
warm clothes and minimize the area of unclothed skin as much 
as possible even in summer. The room temperature should ide- 
ally be adjusted to avoid chilling of the patients and keep them 
warm during the uptake of FDG [15]. During waiting or scan- 
ning, contamination of the patient with his/her urine should be 
avoided because such artifacts can cause difficulty in interpre- 
tation of the images [28]. 
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Administration of radiologic contrast material 

Prior to abdominal PET/CT imaging, diluted iodinated CM or 
barium sulfate as positive contrast agents are administered 
orally for the opacification of gastrointestinal system [5, 27, 
29, 30, 33, 34]. Water or water-based negative contrast agents 
were also recommended as intraluminal CMs since they were 
reported to help increase the quality of the images with de- 
creased artifacts [35]. Though attenuation correction artifacts 
caused by highly concentrated iodinated CM or barium sulfate 
can be prevented by water, ingestion of water alone can cause 
augmented FDG accumulation in the bowel because of rapid 
reabsorption; therefore adequately diluted positive contrast 
agents should better be used in case of a need for quantifica- 
tion of FDG uptake [5]. Since IV CM may affect tracer quanti- 
fication and may lead to artifacts while using CT data for PET 
attenuation correction [36], there is still some debate about the 
liberate use of them during the CT stage of an FDG-PET/CT 
scanning [37]. Heusner et al [36] reported highly iodinated IV 
CMs as usable agents for PET/CT imaging and recommended 
to consider their use in future protocols. In their FDG-PET/CT 
study including patients with suspicious liver metastases from 
colorectal cancer, Badiee et al. [26] reported that IV nonionic 
iodinated CM was helpful in demonstration of hepatic metasta- 
ses and was also useful in defining the features of focal hepatic 
lesions. Sahani et al [33] used IV nonionic iodinated CM for all 
their pancreatic FDG-PET/CT examinations. However IV CM is 
generally not used or needed [19, 27, 29, 30, 37-40]. 


Other adjunctive agents 

Oral hydration starting the day before the imaging till FDG is 
excreted by urination is recommended, because this will re- 
duce the bladder dose and improve image quality by decreas- 
ing the artifact caused by the FDG-accumulated urine [28]. For 
instance, ingestion of 1 L of water during the 2 h before the 
administration of FDG is recommended [5]. As another option, 
patients can be told to drink 1-2 L of water during the 4 h just 
before the scanning [15]. Since other adjunctive agents such as 
orally or rectally administered bowel-cleansing agents and/or 
muscle relaxants are often not well-tolerated by the patients, 
their use is controversial and not usually recommended [18]. 
Sedatives such as benzodiazepines should better be reserved 
for the patients with head-neck tumours to decrease muscle 
uptake and for the patients with claustrophobia [5]. In absolute 
need for sedation or general anesthesia, it is recommended to 
perform the FDG injection prior to the medication [28]. Oral 
sedatives prior to imaging can be given to children who are 
anxious and/or are unable to obey the instructions [41]. An oral 
B-blocker (propranolol) can be given to the patients with high 
FDG uptake in their brown fat 60 min prior to FDG administra- 
tion, but their pulse rates and blood pressures should be moni- 
tored [15]. 


Scheduling of FDG-PET/CT imaging in recently treated patients 
An interval of at least 10-14 days between the last chemothera- 
py treatment and FDG-PET/CT imaging is thought to be optimal 
[15, 42]. An interval of 2-3 months between the last radiotherapy 
treatment and FDG-PET/CT scanning of oncology patients (par- 
ticularly of the ones with head and neck carcinoma), is clinically 
considered to be more appropriate. Although the interval between 
surgery and FDG-PET/CT imaging depends on many factors in- 
cluding the type of surgery and development of wound-infection, 
waiting for 6-8 weeks was recommended [5, 15]. 


FDG-PET/CT imaging during pregnancy and lactation 
FDG-PET/CT imaging should be avoided during pregnancy be- 
cause of the adverse effects of radiation for the fetus [18]. The 
referring physician should discuss all the clinical findings and 
previously performed imaging results of the pregnant patient 
with the nuclear medicine specialist and the radiologist, in or- 
der to decide on an alternative imaging tool which may abol- 
ish the need for FDG-PET/CT. If FDG-PET/CT imaging has to 
be done during the postpartum period, breast-feeding should 
be avoided for 10-24 h after the injection of FDG [16, 18, 28]. 
Breast milk can be expressed prior to FDG administration to be 
given to the infant via a bottle later [5]. 


Final arrangements before imaging 

In order to prevent artifacts, the patients should be told to 
empty their colostomy bags and their urinary bladders, change 
diapers or other clothings just before the imaging. Also there 
should be no objects in their pockets. Some water ingestion 
just before imaging may help decrease salivary FDG secretions 
[28]. Finally the patient should be positioned on the scanner and 
scanning should start in accordance with clinical indications, 
such as from base of the skull to mid-thigh in torso imaging 
or from the top of the head through the feet in whole-body 
imaging [5]. 


Conclusion 

Standardization of procedures for patient preparation is nec- 
essary in order to obtain high-quality FDG-PET/CT images, to 
decrease false-negative and false-positive findings, to prevent 
repeated scanning and thus, to reduce the patient radiation 
dose as much as possible. 


Competing interests 
The authors declare that they have no competing interests. 


References 

1. Lindholm P, Minn H, Leskinen-Kallio S, Bergman J, Ruotsalainen U, Joensuu H. In- 
fluence of the blood glucose concentration on FDG uptake in cancer-a PET study. 
J Nucl Med 1993;34(1):1-6. 

2. Jung NY, Kim SH, Choi BB, Kim SH, Sung MS. Associations between the stan- 
dardized uptake value of (18)F-FDG PET/CT and the prognostic factors of invasive 
lobular carcinoma: in comparison with invasive ductal carcinoma. World J Surg 
Oncol 2015;13:113. 

3. Adler LP, Blair HF, Williams RP, Pathria MN, Makley JT, Joyce MJ, et al. Grading li- 
posarcomas with PET using [18F]FDG. ) Comput Assist Tomogr 1990;14(6):960-2. 
4. incekara F, Aydogdu K, Findik G, Kaya S. Coexistence of schwannoma and Hodg- 
kin’s lymphoma. J Clin Anal Med 2013;4(suppl 3):287-9. 

5. Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch K, Eschner W, et 
al. FDG PET/CT: EANM procedure guidelines for tumour imaging: version 2.0. Eur 
J Nucl Med Mol Imaging 2015;42(2):328-54. 

6. Allen BG, Bhatia SK, Anderson CM, Eichenberger-Gilmore JM, Sibenaller ZA, 
Mapuskar KA, et al. Ketogenic diets as an adjuvant cancer therapy: History and 
potential mechanism. Redox Biol 2014;2:963-70. 

7. Delbeke D, Coleman RE, Guiberteau MJ, Brown ML, Royal HD, Siegel BA, et al. 
Procedure guideline for tumor imaging with 18F-FDG PET/CT 1.0. J) Nucl Med 
2006;47(5): 885-95. 

8. Ozkan S, Yazici U, Aydin E, Beyoglu MA, Sengiil M, Karaoglanoglu N. The effect 
of the isolated aorticopulmonary lymph node on survival in lung cancer. ) Clin Anal 
Med 2016;7(3):359-63. 

9. Fletcher JW, Djulbegovic B, Soares HP, Siegel BA, Lowe VJ, Lyman GH, et 
al. Recommendations on the use of 18F-FDG PET in oncology. J) Nucl Med 
2008;49(3):480-508. 

10. Sadi¢ M, Haushmand §, Alavi A. A new technique: Quantitative global dis- 
ease assessment of FDG-PET/CT. J Clin Anal Med 2015;6 (3):1. DOI: 10.4328/ 
JCAM.3573 

11. Delgado-Bolton RC, Fernandez-Pérez C, Gonzalez-Maté A, Carreras JL. Meta- 
analysis of the performance of 18F-FDG PET in primary tumor detection in un- 
known primary tumors. ) Nucl Med 2003;44(8):1301-14. 

12. Kilig MO, Sen M, Tirkan A, Yildirim U, Kéktener A. An unusual presentation of 
lung cancer metastasis: perianal abscess. J Clin Anal Med 2014;5(suppl 3):369-71. 
13. Yucel H, Demirci NY, Erdogan Y, Demirag F, Biber C. Primary pulmonary Ew- 
ing’s sarcoma / primitive neuroectodermal tumor (ES/PNET) case. J Clin Anal Med 


174 | Journal of Clinical and Analytical Medicine 


Patient Preparation for PET/CT Imaging 


2016;7(1):126-8. 

14. Hamblen SM, Lowe VJ. Clinical 18F-FDG oncology patient preparation tech- 
niques. ) Nucl Med Technol 2003;31(1):3-7. 

15. Surasi DS, Bhambhvani P, Baldwin JA, Almodovar SE, O’Malley JP. '8F-FDG PET 
and PET/CT patient preparation: a review of the literature. ) Nucl Med Technol 
2014;42(1):5-13. 

16. Lin EC, Alavi A. Patient preperation. In: Lin EC, Alavi A, eds. PET and PET/CT: a 
clinical guide. New York: Thieme Medical Publishers; 2009. p. 33-37. 

17. Baba S, Tatsumi M, Ishimori T, Lilien DL, Engles JM, Wahl RL. Effect of nicotine 
and ephedrine on the accumulation of 18F-FDG in brown adipose tissue. ) Nucl 
Med 2007;48(6):981-6. 

18. Workman RB, Coleman RE. Fundementals of PET and PET/CT imaging. In: 
Workman RB, Coleman RE, eds. PET/CT: essentials for clinical practice. New York: 
Springer; 2006. p. 9-11. 

19. Lee JR, Kim JS, Roh JL, Lee JH, Baek JH, Cho KJ, et al. Detection of occult 
primary tumors in patients with cervical metastases of unknown primary tumors: 
comparison of (18)F FDG PET/CT with contrast-enhanced CT or CT/MR imaging- 
prospective study. Radiology 2015;274(3):764-71. 

20. Steenkamp DW, McDonnell ME, Meibom S. Metformin may be associated with 
false-negative cancer detection in the gastrointestinal tract on PET/CT. Endocr 
Pract 2014;20(10):1079-83. 

21. Bybel B, Greenberg ID, Paterson J, Ducharme J, Leslie WD. Increased F-18 
FDG intestinal uptake in diabetic patients on metformin: a matched case-control 
analysis. Clin Nucl Med 2011;36(6):452-6. 

22. Gontier E, Fourme E, Wartski M, Blondet C, Bonardel G, Le Stanc E, et al. High 
and typical 18F-FDG bowel uptake in patients treated with metformin. Eur J Nucl 
Med Mol Imaging 2008;35(1):95-9. 

23. Bahler L, Stroek K, Hoekstra JB, Verberne HJ, Holleman F. Metformin-related 
colonic glucose uptake; potential role for increasing glucose disposal?--A retro- 
spective analysis of (18)F-FDG uptake in the colon on PET-CT. Diabetes Res Clin 
Pract 2016;114:55-63. 

24. Oh JR, Song HC, Chong A, Ha JM, Jeong SY, Min JJ, et al. Impact of medica- 
tion discontinuation on increased intestinal FDG accumulation in diabetic patients 
treated with metformin. AJR Am J Roentgenol 2010;195(6):1404-10. 

25. Blake MA, Slattery JM, Kalra MK, Halpern EF, Fischman AJ, Mueller PR, et al. 
Adrenal lesions: characterization with fused PET/CT image in patients with proved 
or suspected malignancy--initial experience. Radiology 2006;238(3):970-7. 

26. Badiee S, Franc BL, Webb EM, Chu B, Hawkins RA, Coakley F, et al. Role of 
IV iodinated contrast material in 18F-FDG PET/CT of liver metastases. AJR Am J 
Roentgenol 2008;191(5):1436-9. 

27. Sala E, Kataoka M, Pandit-Taskar N, Ishill N, Mironov S, Moskowitz CS, et 
al. Recurrent ovarian cancer: use of contrast-enhanced CT and PET/CT to ac- 
curately localize tumor recurrence and to predict patients’ survival. Radiology 
2010;257(1):125-34. 

28. Hamblen SM, Lowe VJ. Clinical 18F-FDG oncology patient preparation tech- 
niques. J Nucl Med Technol 2003;31(1):3-7. 

29. Otero HJ, Yap JT, Patak MA, Erturk SM, Israel DA, Johnston C), et al. Evaluation 
of low-density neutral oral contrast material in PET/CT for tumor imaging: results 
of a randomized clinical trial. AJR Am ) Roentgenol 2009;193(2):326-32. 

30. Ayaz S, Ayaz UY. Detection of retroaortic left renal vein and circumaortic left 
renal vein by PET/CT images to avoid misdiagnosis and support possible surgical 
procedures. Hell J Nucl Med 2016;19(2):135-9. 

31. Ferda J, Ferdova E, Zahlava J, Walter J, Mukensnabl P, Daum O, et al. (18)F- 
FDG-PET/CT of orofacial tumors, a value of whole-body imaging approach. Eur J 
Radiol 2010;73(2):241-8. 

32. Tuncel E, ed. Klinik Radyoloji. 2nd ed. Bursa: Nobel & Giines; 2008. p. 193. 

33. Sahani DV, Bonaffini PA, Catalano OA, Guimaraes AR, Blake MA. State-of-the- 
art PET/CT of the pancreas: current role and emerging indications. Radiographics 
2012;32(4):1133-58. 

34. Goerres GW, Schmid DT, Schuknecht B, Eyrich GK. Bone invasion in patients 
with oral cavity cancer: comparison of conventional CT with PET/CT and SPECT/ 
CT. Radiology 2005;237(1):281-7. 

35. Antoch G, Kuehl H, Kanja J, Lauenstein TC, Schneemann H, Hauth E, et al. Dual- 
modality PET/CT scanning with negative oral contrast agent to avoid artifacts: 
introduction and evaluation. Radiology 2004;230(3):879-85. 

36. Heusner TA, Kuehl H, Veit-Haibach P, Hahn S, Boy C, Forsting M, et al. Highly 
iodinated intravenous contrast material for PET/CT - a feasibility study. Rofo 
2008;180(8):740-5. 

37. Nakamoto Y, Nogami M, Sugihara R, Sugimura K, Senda M, Togashi K. Is con- 
trast material needed after treatment of malignant lymphoma in positron emis- 
sion tomography/computed tomography? Ann Nucl Med 2011;25(2):93-9. 

38. Melsaether AN, Raad RA, Pujara AC, Ponzo FD, Pysarenko KM, Jhaveri K, et 
al. Comparison of whole-body (18)F FDG PET/MR imaging and whole-body (18) 
F FDG PET/CT in terms of lesion detection and radiation dose in patients with 
breast cancer. Radiology 2016;281(1):193-202. 

39. Huellner MW, Appenzeller P, Kuhn FP, Husmann L, Pietsch CM, Burger IA, et al. 
Whole-body nonenhanced PET/MR versus PET/CT in the staging and restaging of 
cancers: preliminary observations. Radiology 2014;273(3):859-69. 

40. Tateishi U, Yamaguchi U, Seki K, Terauchi T, Arai Y, Kim EE. Bone and soft- 
tissue sarcoma: preoperative staging with fluorine 18 fluorodeoxyglucose PET/CT 
and conventional imaging. Radiology 2007;245(3):839-47. 

41. Bakhshi S, Radhakrishnan V, Sharma P, Kumar R, Thulkar S, Vishnubhatla S, 
et al. Pediatric nonlymphoblastic non-Hodgkin lymphoma: baseline, interim, and 


posttreatment PET/CT versus contrast-enhanced CT for evaluation--a prospec- 
tive study. Radiology 2012;262(3):956-68. 

42. Boellaard R, O’Doherty MJ, Weber WA, Mottaghy FM, Lonsdale MN, Stroobants 
SG, et al. FDG PET and PET/CT: EANM procedure guidelines for tumour PET imag- 
ing: version 1.0. Eur J Nucl Med Mol Imaging 2010;37(1):181-200. 


How to cite this article: 
Ayaz S. Patient Preparation for Oncological FDG-PET/CT Imaging. ) Clin Anal Med 
2017;8(2): 172-5. 


Journal of Clinical and Analytical Medicine | 175 


